Abstract-Snake, active contour or deformable active contour has been widely used in medical image segmentation area. In this paper, comparison between Gradient Vector Flow (GVF) snake and Enhanced Distance (ED) snake in segmenting microcalcifications is carried out. The performance is measured based on actual area of the average percentage difference traced by expert radiologists. Results obtained shows that the values of average percentage difference for the GVF and ED snake are 4.3% and 6.68% respectively. These results indicate that the GVF snake has better performance with 95.7%.
INTRODUCTION
Mammogram is widely used to detect early phase of breast cancer. The role of the radiologist in breast cancer diagnosis involves the interpretation of mammograms for the identifications of potential malignancies especially microcalcifications. Microcalcifications are tiny granular deposits of calcium that appear on the mammogram as small bright spots. Nevertheless, dense breasts, misinterpretation or simply overlooked by the radiologist may contribute to the failure of detecting microcalcification [1] . Segmentation is a process of partitioning an image into meaningful regions which correspond to part of, or the whole of objects within the scene [2] . Up to now, an extensive range of algorithms have been proposed for the detection and segmentation of microcalcifications in mammogram images.
The term snake, active contour, or deformable active contour is refers to the same meaning. It has been originally proposed by Kass et al. [3] Snake has been extensively used in medical image segmentation such as brain, kidney, blood artery and so on [4, 5] . In mammogram images, there are numerous application of snake employed in different studies. For example, Writh [6] uses snake to segment the breast region in mammogram images. Some study relates with snake and microcalcifications has been successfully conducted by [7] [8] [9] . One of the most popular selected snake techniques among researchers method is the Gradient Vector Flow (GVF) snake. The GVF snake is originally proposed by Xu & Prince [10] . It uses the Gradient Vector Flow field for the external energy. There are lots of studies conducted by other researcher by using the GVF snake in many applications especially in segmentation area. Some of the researchers try to improve and enhance the GVF snake to become a new model [5, 11, 12] . One of the studies GVF associates with the segmentation has successfully conducted by Jumaat et al. [13, 14] . However, instead of mammogram images, the application of the GVF snake by Jumaat et al. is only limited on the ultrasound images. The Distance snake is also originally proposed by Xu & Prince [10] . It has been used as a comparison purpose with the GVF snake. Since the GVF snake gains more interest among researchers to be enhanced and manipulated, thus the Distance snake become less popular. The reason behind the selection of the Distance snake is that it is not well explored [7] [8] [9] . In 2010, [7] has improved the original Distance snake, which is called the Enhanced Distance Active Contour (EDAC) or Enhanced Distance (ED) snake due to its time problem. The ED snake is used to segment the boundary of microcalcifications in mammogram images. It took about eight hours for the snake to complete the segmentation process. The results obtained shows that the accuracy and efficiency of the ED snake has been improved compared to the original Distance snake.
In this paper, both GVF and ED snake are used to segment microcalcifications on mammogram images. Finally, the performance of both methods are measured and compared by using the percentage area difference. In the experimental results part, the process of segmentation is shown in a Graphical User Interface (GUI). The GUI is developed by using MATLAB R2009b software as the platform. Microsoft Excel software is used as the database to calculate the performance of both snakes. The purpose of this GUI is to assist radiologist in finding the correct boundary and shape of microcalcifications to be removed. 
II. THE GVF AND ED SNAKE
The first term of Equation (1) represents the internal energy which is responsible for the smoothness and deformation process of the contour and can be expressed as: is the elasticity and rigidity parameter respectively. As the value of α keep on increasing, the curve becomes straight between two points. Similarly for the large value of β , it will produce a smooth curve. The external energy function attracts the deformable contour to the boundary or edge of the image. By using calculus of variations, a snake that minimizes the energy functional in Equation (2) must satisfy the Euler-Lagrange equation which can be expressed as:
According to Hou and Han [15] , The Finite Difference Method (FDM) is selected due to its simplicity. In order to solve the matrix equations, the right hand side of Equation (3) is set equal to the product of a step size γ and the negative time derivatives of the left hand side such that;
where A is the pentadiagonal banded matrix. The subscript t is the iteration number. Then, the vertices are calculated by:
where [ μ ε (8) where f refers to the edge map, the term ) , ( y x f ∇ is the gradient of the edge map. The term μ refers to the weighting parameter. By using calculus of variations, Equation (8) is reduced by solving the following Euler-Lagrange Equation which can be written as follows:
Finally, the equation x is solved literately by the same method as proposed by [15] .
III. METHODOLOGY
There are three major phases employed in this study. The first phase is the data collection. Original mammogram images are obtained from National Cancer Society Malaysia (NCSM). Then, radiologist will confirm the images which only contain microcalcifications. This process is known as identifying the Region of Interest (ROI). Then, the ROI is cropped by using Adobe Photoshop CS3 software with standard size of 200 by 200 pixels. After that, the ROI will be preprocessed in order to remove the noise and artifacts in the original image. Median Filtering and Histogram Stretching techniques are used in the pre processed phase. This process is carried out by using the MATLAB R2009b software.
The next phase is the implementation of GVF and ED Snakes on the real mammogram images that has been preprocessed. After segmentation process is completed, the area of segmented boundary for both snakes will be traced. A special toolbox created by Ouwerkerk is used to trace the area of the segmented results [16] . However, some modifications of the original toolbox have been carried out to fit with our study. Both results are then recorded in the Microsoft Excel software since it is used as the database.
Finally, the comparison of the performance for the segmentation results is performed. For the performance evaluation, the MATLAB R2009b is linked to the Microsoft Excel database. The performance is measured based on the percentage area difference traced by the expert radiologist. In order to avoid bias, the reading of the actual area is obtained twice. Then, the average value will be calculated. The same procedure undergoes for both GVF and ED snakes. The area is calculated in pixels square unit (pixel 2 ). Figure 1 illustrates the block diagram of our study. 
IV. EXPERIMENTEL RESULTS
The performance of both snakes is calculated by using the average percentage area difference formula. Thirty-five images of mammogram are used for the segmentation process. Figure 2 illustrates some of the segmentation results for both GVF and ED snakes. Figure 2 (b) and Figure 2(e) . Meanwhile, the segmentation results for ED snake are illustrates in Figure 2 (c) and Figure 2(f) . In the first row, the boundary of microcalcifications for GVF snake in Figure 2(b) is poorly segmented compared to ED snake in Figure 2 (c). This is because GVF snake is very sensitive where it is easily trapped to local minima in the image. This refers to the high contrast of neighboring area of the boundary. Thus, may results to inaccurate boundary segmentation [17] .
On the other hand, in the second row, the GVF snake performs a perfect segmentation compared to the ED snake. This scenario occurs because the ED snake is unable to converge to the actual boundary of the microcalcifications due to the blur image. In addition to this, the foreground and background in some images of the breast tissue are quite hard to be differentiated. The microcalcification is almost similar with the tissue. The ED snake determines the edge based on the pixel values in the image. It will searche for the highest difference between pixels. The algorithm will only stop after it reaches the highest difference between pixels in determining the edge. Some of the image produces a small difference between pixels in which the EDAC will not consider it as a boundary [7] .
The segmentation process is represented on the GUI which is developed by using MATLAB R2009b software. Figure 3 , Figure 4 and Figure 5 illustrates the process for both snakes to segment the boundary of microcalcifications. Figure 3 and Figure 4 shows the movement of both snakes to segment the boundary of microcalcifications. The left hand side of the image represents the GVF snake and the right hand side represents the ED snake. Both snakes converge to the boundary of image based on the external energy derived from the image. The energy is calculated by using the gradient function. Meanwhile, Figure 5 shows the final segmentation process for both snakes.
The COMPARE PERFORMANCE button on the GUI will display the performance of both snakes by using the percentage differences formula. The MATLAB R2009b is linked with the Microsoft Excel software as the database for the calculation purpose. Figure 6 illustrates the screen shot for the database which consists of traced values area for all thirtyfive images. These values represent the area obtained for GVF snake, ED snake, actual area traced by radiologist and their differences. As mentioned earlier, all these values represent the average of twice reading of the area for both GVF and ED snake, as well as the actual reading traced by the expert radiologist. Figure 7 illustrates the screen shot interface for the performance evaluation for both snakes. This screen shot will appear after calculation for the percentage area differences from the database as shown in Figure 6 is carried out. From Figure 7 , in overall, the average percentage differences for GVF and ED snake are 4.3% and 6.68% respectively. These results show that the performance of GVF snake is highly better compared to the ED snake.
V. CONCLUSION
For the accuracy, the value for both GVF and ED snake are 95.7% and 93.32% respectively. The results obtained shows that the performance of GVF snake is superior compared to ED snake in segmenting microcalcification on mammogram images.
